DESCRIPTION 

OPTICAL TRANSMISSION DEVICE 

TECHNICAL FIELD 

The present invention relates to an optical transmission device. 

BACKGROUND ART 

Photonic crystal fibers (hereinafter referred to as PC fibers) have been known as an 
optical fiber which exhibits strong wavelength dispersion. The PC fiber includes a solid 
or hollow core which extends the center of the fiber in the longitudinal direction of the 
fiber and a cladding which surrounds the core and has a plurality of holes extending along 
the core. The cladding provides a photonic crystal structure which brings periodic 
changes in refractive index. 

If the hollow core and the holes of the cladding of the PC fiber are left opened at 
an end face of the PC fiber, foreign objects may possibly come into the hollow core and the 
holes of the cladding, thereby impairing the optical properties. From this aspect, Japanese 
Unexamined Patent Publication No. 2002-323625 discloses a PC fiber whose end face has 
been fused to seal the hollow core and the holes of the cladding. 

However, when the end face of the PC fiber is fused to seal the hollow core and 
the holes of the cladding, the length of the sealing portion of the fiber will be as long as 
about 1 mm. As a result, when signal light is transmitted directly to the fiber from a 
condenser or a light source, the signal light leaks out of the fiber to cause a problem of 
great connection loss. 

Further, Japanese Unexamined Patent Publication No. 2002-323625 discloses that 
the length of the sealing portion should be determined such that almost no influence is 
caused on optical waveguiding. However, the Publication is unclear because of lack of 
specific descriptions of the length. Since the length of the sealing portion varies 
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depending on the type of the fiber, it is necessary to determine the length of the sealing 
portion by repeating examinations of the connection loss on each fiber. As a result, 
working efficiency deteriorates and the resulting products vary in quality. 

5 DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide an optical transmission device 
using a PC fiber which achieves connection with a reduced connection loss. 

According to the present invention, a connection end portion of the PC fiber is 
treated such that the holes of the cladding are sealed. At this time, the length of the 
10 portion of the PC fiber at which the holes of the cladding are sealed by the sealing 
treatment is determined based on conditions such as a fiber diameter and an incident angle 
of signal light, thereby realizing an optical transmission device which achieves connection 
with a reduced connection loss. 

Specifically, the present invention provides an optical transmission device 
15 including: a condenser which gathers signal light; and 

a PC fiber which is connected to the condenser and includes a solid core which 
constitutes the center of the fiber and a cladding which surrounds the core and has a 
plurality of holes extending along the core for transmitting the signal light from the 
condenser through the core, wherein 
20 the holes of the cladding are sealed at an end portion of the PC fiber connected to 

the condenser over a predetermined length L from an end face of the fiber and 

the length L [jxm] of the portion of the PC fiber at which the holes of the cladding 
are sealed is determined to meet the condition of 
10 ^ L ^ (D+a)/2tan[sin 1 (sin9/n)] 
25 wherein 0 [°] is an incident angle of the signal light with respect to the PC fiber, D 

[jxm] is an outer diameter of the PC fiber, a [}im] is a diameter of the core of the PC fiber 
and n is a refractive index of the portion of the PC fiber at which the holes of the cladding 



2 



> 1 

are sealed. 

According to the present invention, the connection end portion of the PC fiber is 
treated such that the holes of the cladding are sealed and the length of the portion of the PC 
fiber at which the holes of the cladding are sealed is determined to meet the 
5 above-described condition. Therefore, even when the signal light gathered by the 
condenser is directly transmitted to the fiber, the signal light does not leak out of the fiber. 
As a result, optical transmission is achieved with efficiency without causing a connection 
loss. 

According to another aspect of the present invention, there is provided an optical 
10 transmission device including: a light source which emits signal light; and 

a PC fiber which is connected to the light source and includes a solid core which 
constitutes the center of the fiber and a cladding which surrounds the core and has a 
plurality of holes extending along the core for transmitting the signal light from the light 
source through the core, wherein 
15 the holes of the cladding are sealed at an end portion of the PC fiber connected to 

the light source and 

the length L [fim] of the portion of the PC fiber at which the holes of the cladding 
are sealed is determined to meet the condition of 

10 ^ L ^(a/2-d-tan9)/tan[sm 1 (sin9/n)] 
20 wherein 0 [°] is an incident angle of the signal light from the light source with 

respect to the PC fiber, d [\xm] is a distance between the light source and the end face of 
the fiber, a [jxm] is a diameter of the core of the PC fiber and n is a refractive index of the 
portion of the PC fiber at which the holes after the cladding are sealed. 

According to the another aspect of the present invention, the connection end 
25 portion of the PC fiber is treated such that the holes of the cladding are sealed and the 
length of the portion of the PC fiber at which the holes of the cladding are sealed is 
determined to meet the above-described condition. Therefore, even when the signal light 
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output from the light source is directly transmitted into the fiber, the signal light does not 
leak out of the fiber. As a result, optical transmission is achieved with efficiency without 
causing a connection loss. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an oblique view illustrating a PC fiber according to Embodiments 1 and 2 
of the present invention. 

FIG. 2 is a schematic view illustrating an optical transmission device according to 
Embodiment 1 of the present invention. V 

FIG. 3 is a schematic view illustrating an optical transmission device according to 
Embodiment 2 of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, with reference to the drawings, optical transmission devices according 
to preferred embodiments of the present invention will be explained in detail. 
(Embodiment 1) 

[Structures of fiber and optical transmission device] 
FIG. 1 shows a PC fiber 10. 

The PC fiber 10 includes a solid core 11 which extends the center of the fiber in 
the longitudinal direction of the fiber and a cladding 12 which surrounds the core 11 and 
has a plurality of holes 12a extends along the core 11 and a covering 13 which covers the 
cladding 12. The cladding 12 has a photonic crystal structure which brings 
two-dimensional periodic changes in refractive index. Signal light (not shown) is 
confined in the core 11 surrounded by the photonic crystal structure to be transmitted 
therethrough. 

A connection end portion of the PC fiber 10 is fused by heating to seal the holes 
12a of the cladding 12. At this time, the connection end portion of the PC fiber 10 



including the core 11, cladding 12 and covering 13 becomes a sealing portion 15 including 
the cladding 12 with the holes 12a sealed and the covering 13 as shown in FIG. 2. The 
sealing portion 15 may be provided by fixing a glass stick to the connection end of the PC 
fiber 10 or filling portions of the holes 12a with a resin. 

The connection end portion of the PC fiber 10 at which the holes 12a have been 
sealed is connected to a condenser 21 which gathers signal light 22. Thus, an optical 
transmission device 20 which transmits the signal light 22 gathered by the condenser 21 
through the PC fiber 10 is provided. 

[Condition for determining length L of the sealing portion 15] 

Hereinafter, a condition for determining the length L of the sealing portion 15 
along the longitudinal direction of the fiber is explained. 

First, an incident angle of the signal light 22 with respect to the PC fiber 10 in the 
atmosphere is defined as 9 [°], an incident angle of the signal light 22 entering the PC fiber 
10 is 9' [°], an outer diameter of the PC fiber 10 is D [pm], a diameter of the core of the PC 
fiber 10 is a [pm], a refractive index of light in the atmosphere is n\ a refractive index of 
the sealing portion 15 is n and the length of the sealing portion 15 along the longitudinal 
direction of the fiber is L Qim]. The length L of the sealing portion 15 is the length of a 
portion of the PC fiber 10 at which the holes 12a of the cladding 12 are sealed and 
measured from the connection end of the PC fiber 10. As long as at least one of the holes 
12a has been sealed, a portion of the PC fiber corresponding to the sealed holes is 
considered as the sealing portion 15. 

The signal light 22 gathered by the condenser 21 travels in the atmosphere toward 
the PC fiber 10 at the incident angle 9 and then travels in the sealing portion 15 of the PC 
fiber 10 at the incident angle 9'. Therefore, the following equation (1) is established. 
n'-sin9=n-sin9' (1) 

Since n' is the refractive index of light in the atmosphere, n' = 1 is given. As a 
result, the incident angle 9' of the signal light 22 in the sealing portion 15 is represented by 
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the equation (2). 

0' = sin* 1 (sin0/n) (2) 

In the sealing portion 15 of the PC fiber 10, the signal light 22 travels by the length 
L in the longitudinal direction of the PC fiber 10 while it travels by (D+a)/2 in the direction 
5 of the diameter of the PC fiber 10. Therefore, the following equation (3) is established. 
tanO' = [(D+a)/2]/L (3) 

From the equations (2) and (3), the length L of the sealing portion 15 in the 
longitudinal direction of the fiber is represented by the equation (4). 
L=(D+a)/2tan[sin" 1 (sine/n)] (4) 
10 Accordingly, the maximum value of L is defined as a length which is required for 

the incident light to converge to a point and then spread to the size of the core diameter. 

As a result of a trial and error process by the inventors of the present invention in 
order to find a suitable length L which makes it possible to seal the holes 12a of the 
cladding 12 with high reproducibility, the lower limit of the length L of the sealing portion 
15 1 5 is preferably set to about 1 0 ixm. 

Therefore, from the equation (4), it is necessary to meet the condition of the 
following equation (5) in order that the signal light 22 output from the condenser 21 and 
entered the PC fiber 10 passes through the sealing portion 15 and surely reaches the holes 
12a of the cladding 12 to cause total reflection. 
20 10SL^ (D+a) / 2tan[sm 1 (sin9/n)] (5) 

Thus, as long as the length L of the sealing portion 15 is determined within the 
range that meets the condition of the equation (5), optical transmission is carried out with 
efficiency without a connection loss resulting from leakage of the signal light 22 out of the 
PC fiber 10. 
25 (Embodiment 2) 

[Structures of fiber and optical transmission device] 

FIG. 3 shows an optical transmission device 30 according to Embodiment 2. 
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The optical transmission device 30 includes a PC fiber 10 which is the same as that 
of Embodiment 1. The structure of the sealing portion 15 of the PC fiber 10 is also the 
same as described in Embodiment 1. 

The connection end portion of the PC fiber 10 at which the holes 12a have been 
sealed is connected to a semiconductor laser (light source) 31. Thus, the optical 
transmission device 30 which transmits signal light 32 output from the semiconductor laser 
31 through the PC fiber 10 is provided. 

[Condition for determining length L of the sealing portion 15] 

Hereinafter, a condition for determining the length L of the sealing portion 15 
along the longitudinal direction of the fiber is explained. 

First, an incident angle of the signal light 32 with respect to the PC fiber 10 in the 
atmosphere is defined as 0 [°], an incident angle of the signal light 32 entering the PC fiber 
10 is 9' [°], an outer diameter of the PC fiber 10 is D foim], a diameter of the core of the PC 
fiber 10 is a frim], a refractive index of light in the atmosphere is n\ a refractive index of 
the sealing portion 15 is n, the distance between the semiconductor laser 31 and an end 
face of the fiber is d [jim], a radius of the signal light 32 spreading toward the fiber 
circumference at the end face of the PC fiber 10 is r [jim], a radius of the signal light 32 
spreading toward the fiber circumference at the interface between the sealing portion 15 
and the core 11 of the PC fiber 10 is R Qim] and the length of the sealing portion 15 along 
the longitudinal direction of the fiber 10 is L [\xm]. The length L of the sealing portion 15 
is the length of a portion of the PC fiber 10 at which the holes 12a of the cladding 12 are 
sealed and measured from the connection end of the PC fiber 10. As long as at least one 
of the holes 12a has been sealed, a portion of the PC fiber corresponding to the sealed hole 
is considered as the sealing portion 15. 

The signal light 32 output from the semiconductor laser 31 is emitted in the 
atmosphere with respect to the end face of the PC fiber 10 at the incident angle 9, travels 
by the distance d between the semiconductor laser 31 and the end face of the fiber, and 



then goes through the sealing portion 15 of the PC fiber 10 at the incident angle 8'. 
Therefore, the following equation (6) is established. 
n'-sin6 = n-sin0' (6) 

Since n' is the refractive index of light in the atmosphere, n' = 1 is given. As a 
result, the incident angle 0' of the signal light 22 in the sealing portion 15 is represented by 
the equation (7). 

0> = sin" 1 (sinO/n) (7) 

The radius r of the signal light 32 spreading toward the fiber circumference at the 
end face of the PC fiber 10 is represented by the equation (8). 
r = d-tan6 (8) 

Further, the signal light 32 travels by the length L of the sealing portion 15 at the 
incident angle 9\ The radius R of the signal light 32 spreading toward the fiber 
circumference at the interface between the sealing portion 15 and the core 11 of the PC 
fiber 10 is represented by the equation (9). 

R = L-tanG' (9) 

Since the sum of the radii r and R is equal to a half of the core diameter a, the 
equation ( 1 0) is established. 
r + R = a/2 (10) 

When the equation (10) is represented by the length L of the sealing portion 15 
using the equations (7) to (9), the following equation (1 1) is obtained. 
L = (a/2 - d- tanG) / tan[sin _1 (sinG/n)] (11) 

As a result of a trial and error process by the inventors of the present invention in 
order to find a suitable length L which makes it possible to seal the holes 12a of the 
cladding 12 with high reproducibility, the lower limit of the length L of the sealing portion 
15 is preferably set to about 10 nm. 

Therefore, from the equation (11), it is necessary to meet the condition of the 
following equation (12) in order that the signal light 32 output from the semiconductor 
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laser 31 and entered the PC fiber 10 passes through the sealing portion 15 and surely 
reaches the holes 12a of the cladding 12 to cause total reflection. 
10 ^ L ^(a/2 - d-tanO) /tan[sin ! (sin9/n)] (12) 

Thus, as long as the length L of the sealing portion 15 is determined within the 
5 range that meets the condition of the equation (12), optical transmission is carried out with 
efficiency without a connection loss resulting from leakage of the signal light 32 out of the 
PC fiber 10. 

INDUSTRIAL APPLICABILITY 

10 The present invention is useful for optical transmission devices. 
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